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1. Introduction

B pictures are predicted from either or both the previous and next decoded I/P pictures so that they achieve improved coding efficiency as compared to that of P pictures. And the use of B pictures provides a significant gain for low motion sequences and a minor gain for high motion sequences as presented in q15i08. Unfortunately, our implementation of B pictures based on TML-5 showed that they could not achieve the expected gains and even generated losses at the low motion sequences. This document presents some rate distortion curves of B pictures on TML-5 and proposes mode decision rule for B pictures to obtain better performance.

2. Simulation Procedure

B pictures typically have five different prediction modes such as direct, forward, backward, bi-directional, and intra modes. We tested the impact of B pictures on coding performance against P pictures. For the test we employed the same approach to find the optimum prediction mode as P pictures have. That is, SA(T)D is added by bias value in order to favor prediction mode that needs few bits to be signaled. This bias value is basically a parameter representing bit usage times QP0(QP) for the given coding mode. According to the code table for B pictures in TML-5 (Table A.1), forward mode needs two side information such as reference frame (only if multiple reference frames are used) and motion vector, backward mode needs one side information such as motion vector, and bi-directional mode needs four side information such as reference frame, forward/backward block sizes, forward motion vector, and backward motion vector. Thus our mode decision rule is as follows.

4x4 Intra mode : SA(T)D0 = QP0(QP) x Order_of_prediction_mode 
and 24xQP0(QP) is added to the SA(T)D before comparison with the best SA(T)D for the other predictions

Forward prediction mode : 

SA(T)D0 = QP0(QP) x (2xcode_number_of_ref_frame + Bits_to_code_MVDFW)
Backward prediction mode : 

SA(T)D0 = QP0(QP) x Bits_to_code_MVDBW

Bi-directional prediction mode : 

SA(T)D0 = QP0(QP) x (2xcode_number_of_ref_frame + Bits_to_code_forward_blk_size + Bits_to_code_backward_blk_size +
Bits_to_code_MVDFW + 
Bits_to_code_MVDBW)
The experimental results are given in document VCEG-L10.xls. In the high motion sequences (like Foreman) B pictures provide rather minor gains at the overall bit rates as presented in q15i08, whereas in the low motion sequences (like Container) B pictures achieve better performance than P pictures at the high bit rate but generate the significant losses as the bit rate decreases. These results are not what we expected from B pictures. 

The low motion sequences generally have the feature that there are many flat regions having zero motion. In fact, the SA(T)D value for zero motion was not reduced in our test because the code table in TML-5 does not define forward_skip, backward_skip, and bi-directional_skip modes separately so the reduction of SA(T)D for zero motion does not make sense. Comparing the number of modes assigned in the low motion sequences, we observed that 16x16 intra modes suitable for flat regions were selected more and more as the bit rate decreased. That means B pictures on TML-5 basically failed to make effective use of zero motions and instead were penalized in performance by selecting 16x16 intra mode with large bits needed to specify its MB_Type.

Our solution to prevent assigning 16x16 intra mode to a region with little details and zero motion is that SA(T)D of direct prediction mode is subtracted by 16xQP0(QP) to bias the decision toward selecting the direct mode since the direct mode does not require any transmission of the syntax information (motion vector, residual, etc.) and so prevents allocating too many bits. Of course, there is a trade-off between quality and bitrate saving but acceptable visual quality can be achieved and maintained since the amount of bits saved is so large as to neglect the reduction of quality. Here 16xQP0(QP) is obtained empirically. 

Direct prediction mode : SA(T)D = SA(T)D – 16 x QP0(QP) 
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Figure 1. direct mode vs. true forward motion 

Figure 1 describes the relation of our direct mode decision to true forward motion between previous P and current B pictures, indicating that B pictures favour the direct mode due to the reduction of SA(T)D of the direct mode and some true motions are approximated to forward motion of direct mode regardless of the high and low motion sequences as shown in (a) and (c). If the difference between the direct prediction and the prediction from true forward motion is nonacceptable, then B picture may select the forward mode as shown in (b). 

This relation can be identically expanded to both backward and bi-directional modes. From Figure 1 (a) we can save the bit usage of nonzero motion by changing mode selection from forward, backward, and bi-directional modes to direct mode in the high motion sequences. And also Figure 1 (c) provides the bitrate saving by approximation of both nearly zero and zero motions in the low motion sequences. That is, the bit usage of nearly zero motion is reduced by favouring the direct mode against forward, backward, and bi-directional modes. Especially the reduction of bit usage concerning zero motion is more effective because in addition to forward, backward, and bi-directional modes, 16x16 intra mode selection has high probability to be changed to direct mode. This is due to the fact that flat regions having zero motion can be predicted by direct mode instead of 16x16 intra mode. It is an important factor to provide the improved performance over B pictures on TML-5.

According to the fact that the low motion sequences have lots of zero motions, we estimate the occurrence of direct mode selection is very high. Therefore the gain achieved by using direct mode with bias value is highly substantial in low motion sequences. On the high motion sequences, zero motion is rare because the whole picture is changing from frame to frame so that our direct mode decision does not provide greatly the additional gain as compared to B pictures on TML-5. Consequently our direct mode decision rule derives the fact that direct mode is usually used for most of the macroblocks with zero motion and thus leads to avoid losses resulted from assigning 16x16 intra mode to flat regions with zero motion in B picture coding performance in the low motion sequences.
3. Simulation results and conclusion

Simulation results are given in document VCEG-L10.xls. Simulations show that B pictures employing our mode decision rule yield noticeable gains over B pictures on TML-5 in low motion sequences.

It is therefore suggested that our mode decision rule for B pictures is included in the TML.
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